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Introduction.
The metals of the copper subgroup (copper, silver, gold) are known for its antibacterial properties for a long time. Although the antimicrobial action of copper is 4-5 times weaker than that of silver, taken together, these metals greatly enhance the properties of each other [1] .
Among the antimicrobial properties of copper, it should be noted its ability effectively inactivate MRSA [2] and influenza a virus including subtype H1N1, called "swine flu" [3, 4] . The antimicrobial ability of copper was confirmed by the fact that the US Agency for environmental protection (US EPA) formally granted to copper and several copper alloys status of substances with antibacterial surface properties [4] .
Among the copper subgroup silver possesses the highest antimicrobial properties. Spectrum of silver antibacterial action extends to 650 types of bacteria, whereas the antibacterial spectrum of any antibiotic only to 5-10 types of bacteria [5, 6] . Currently silver and its formulations are widely used as antimicrobials for different textile materials for household and medical purposes [7] [8] [9] [10] [11] .
These fabrics can be used for the manufacture of medical devices, various types of military uniforms, sports wear, lingerie, holsters for weapons, protecting them from various kinds of microorganisms [12, 13] .
The bactericidal activity of gold is 2-3 times lower than silver, however, the best bactericidal effect is achieved using the bimetallic composition of Ag/Au = 5, where a small addition of gold enhances the silver activity [14] . For example, the combination of gold and silver nanoparticles can significantly extend the silver antimicrobial action which is used in the manufacture of antimicrobial clothing [15] .
Various coating methods were developed for deposition of antimicrobial metals of copper subgroup on dielectric materials such as vacuum metallization [16] [17] [18] [19] , vapor deposition or laser sputtering [20] [21] [22] [23] , chemical deposition [23] [24] [25] [26] [27] [28] . There are advantages and disadvantages for each method, for example, for chemical deposition sometimes toxic reducing agents are employed [29] [30] [31] [32] [33] [34] [35] . Also a photochemical preparation of copper, silver and gold containing nanoparticles on polymer microspheres became popular [36] [37] [38] . It was noted that the surface of the microspheres of polymers, acting as sorption centres of metal nanoparticles provide the possibility of obtaining the latter in the form of stable dispersions. The disadvantage of this method is that the photochemical reaction with the formation of metals occurs only on a certain structure of the dielectric materials which significantly narrows the scope of the method.
In this study we developed a number of methods of gold, copper and silver and its mixture coatings of dielectric materials and applied these coatings on textile fabrics. Subsequent antimicrobial testing of coated fabrics were conducted using two bacteria E. coli and S. aureus.
Materials and Methods.
Chemical reactions:
The basis of the proposed method is a photochemical method of gold and copper recovery by light rays action. Let's consider the mechanism of this method on the example of gold.
The photochemical reaction occurs in the sorption layer of a gold chloride solution on the surface of the dielectric material. In this system, one possible reaction is the formation of monovalent gold ions. The occurrence of this photochemical reaction shifts the equilibrium of reaction 1 to the right, and the overall reaction in this case would be:
Oxidation capacity of copper chloride is lower than that of gold chloride, therefore, the reaction
(1) in the case of copper is impossible.
Cotton fabrics at 97-98% composed of cellulose is very sensitive to oxidants due to the presence of alcohol and hydroxyl groups. As a result of these groups oxidation the formation of new carbonyl and carboxyl functional groups occurs. Oxidation starts from the surface of the fabric and then gradually progresses into the fabric, whereby first the amorphous parts get oxidized, and then the crystalline areas oxidised [39] .
Consequently, the formation of chloride of monovalent copper can be explained by the reaction:
where R is the elementary unit of cellulose.
It is obvious that for gold chloride both reaction (6) and reaction (1) can take place.
Film preparation:
Laboratory studies were performed on a gauze fabric (SKU АА010278) widely used for medical purposes. For preparation of gold or copper films tissue samples were immersed in a solution of gold (III) chloride or in a solution of copper (II) chloride respectively for 1-3 minutes.
Due to the poor water solubility of silver chlorides, to obtain in one step a homogeneous sorption layer containing silver is impossible. Therefore, to obtain silver films initially a copper film was formed and treated in a solution of silver nitrate by completely replacing copper to silver.
For this the sample was put for 5-6 hours in a solution containing 1-2 g/l of silver nitrate (AgNO3) and 0.5 g/l of nitric acid (HNO3) [25] . The process of formation of silver was provided by the reaction:
For the copper-silver film preparation re-photochemical method was re-applied to achieve the required amount of copper. Similarly, preparation of gold-silver-copper films were carried by applying gold-copper on priory deposited silver films. Concentration of each metal was 30 g/l. For preparation of two or three metal containing coating solutions were equal concentration giving a total of 30 g/l metal concentration in the coating.
In some experiments, a part of the tissue surface was screened by a polymeric washer to distinguish the boundary between the irradiated and not irradiated parts of the sample. Then the sample was exposed to General Electric 28 W Biax 2D compact fluorescent lamp at 20 °C until completely dried. After that, the washer was removed and the sample was thoroughly rinsed with distilled water.
Film characterisation:
The thickness of the coating was determined by the method described in [40] . The structure and composition of the films deposited on textile materials were studied using scanning electron microscope ISM-6490-LV.
Antimicrobial testing:
The antibacterial properties of metal coated fabrics were studied against two bacteria, E. coli Prior antimicrobial testing all tissue samples were subjected to 10-fold washing in washing powder (SMS) of 2 g/l solutions at 50 degrees with constant mixing following by water rinsing (3-5 L during 10 minutes). Fabrics were placed in nutrient medium Endo (differential-diagnostic nutrient medium designed for the isolation of enterobacteria) and in medium ZHSA (yolk -salt agar medium for isolation of staphylococci, contains up to 10 percent of sodium chloride, which inhibits most bacteria contained in the material) respectively. Then samples were incubated at room temperature for three days. Preliminary experiments showed that no changes occurred after longer exposure to bacteria.
Results and Discussions.
Various steps of film preparation are shown in Fig. 1 . Untreated fabric (Fig. 1a) is presented against a fabric treated with gold (II) chloride (Fig. 1b) , a fabric after irradiation (Fig.1c) , a fabric treated using the polymeric washer as a screening tool to distinguish between irradiated and not irradiated parts of the sample (Fig 1d) , a gold coated fabric after washing (Fig 1e) and a fabric with hidden parts after washer removal and rinsing (Fig 1f) .
The course of photochemical reactions was confirmed by the study of the composition of the films formed on the tissue when irradiated. Figure 2 shows an electronic image of the border between the illuminated and shielded polymeric washer areas.
Elemental analyses of individual sites (Table 1) , indicates which sites were illuminated by the photos and produced elemental gold, shielded sections of the chloride of gold remains unchanged.
The presence of small amounts of gold on shielded areas is associated with the existence of some sections in the tissue structure that are able to restore chemically to the metal. In general, the amount of gold chloride (99%) remains unchanged and is removed after washing.
The thickness of the gold and copper films produced depends on several factors: the intensity of the light rays, the structure of the tissues, the concentration of metal ions, the degree of recovery, temperature of drying, the presence of impurities. It is very difficult to account for these factors.
But the main factor will be the concentration of metal ions. The dependence of this factor are given in Table 2 .
The study of the structure of films consisting of metals of the copper subgroup found that in all cases they are formed in the form of spherical particles average diameter ranges from several to several hundred nanometers (Fig. 3) .
Studies of tissue samples on the counter numerous washings (10-15 times) and mechanical actions (50-70 times) showed that the composition of the film remains practically unchanged. This allows us to suggest the following scheme of formation of the film (Fig.4) .
This suggests that the formation of primary crystals of monovalent chlorides begins in the depths of the pores, as the topography of these areas is energetically more favorable for the formation of new crystalline phase. The penetration of the light photons on the surface of these crystals leads to the occurrence of photochemical reactions (4) with the formation of metal atoms. Moreover, this process will begin with a border of crystals monovalent chlorides, which have large distortion of the crystal lattice. This scheme of the original metal pore filling can be a possible explanation of the film stability obtained by the photochemical method to washing and sinanian.
By using solutions with different concentrations of copper and gold to create a sorption layer it is possible to obtain films containing these elements in the desired quantities and proportions.
It was shown experimentally that the ratio of copper and gold in the solutions used to obtain the sorption layer on the tissue is same with the ratio of these elements in the film resulting from photochemical reactions (Table 3) .
If one considers that copper can easily be replaced by silver, the photochemical method allows obtaining films of almost any desired composition of these elements. The compositions of the films of the elements of the subgroup of copper obtained from dilute and concentrated solutions are shown in Figures 5 and 6 and Tables 4 and 5 .
Antimicrobial tests were performed determining the zone of inhibition created by the prepared coating for E. coli ATCC 25922 and S. aureus ATCC 25923 (Table 6 ) ; an example of the resulting bacterial plates is presented in Figure 7 . For both organisms rested, bacteria growth was no prevented by samples without film; on the other hand, on coated samples, bacteria did not grow in an area close to the fabric (zone of inhibition).. In general, on the basis of data given in Table 6 bactericidal activity of the studied films decreases in the following order: silver, copper+silver, copper+silver+gold, copper+gold, gold+silver, copper, gold. Moreover, E. coli exhibited smaller zone of inhibition than S. aureus for all samples. Table 6 ). This halo is caused by compounds of copper, usually with dark color.
Antimicrobial properties of silver and copper are relatively well reported and similarly gold is known not to prevent bacterial growth [41] - [45] ; in this context the results presented here are consistent with these works. Antimicrobial activity of deposited metals is not usually explained in terms of reduction potential as we did here and such providing an additional perspective in the antimicrobial activity of materials coated with metals.
Bactericidal properties of other metals such as nickels, zinc, aluminium, are less effective and shown for specific microorganisms only. Besides, film coating using these metals are complex and expensive technologically.
Conclusions
In this study we reported a preparation of metal films (copper, gold and silver and its combinations at various ratios) on fabric surfaces using a relatively simple photochemical method. Combining various metals in the coating, allowed to extend the range of their antibacterial properties and replaced expensive gold and silver to copper which is cheaper. Considering that the metal films also formed in the grooves and pores of the fabric, these coated textiles can withstand repeated washing and creasing of the fabric. This makes this techonology is promising for obtaining antimicrobial medical devices and antimicrobial clothing. 
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